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Optical devices using an external cavity semiconductor laser
Abstract
A dual-mode optical device selectively operative in signal generation and amplification modes is disclosed
herein. The dual-mode device includes a body of semiconductor material having opposed from and rear facets.
During operation in the amplification mode, light is input through the front facet and is amplified within the
body of the optical gain material. An at least partially optically reflective surface is positioned a first
predetermined distance from one of the facets during operation of the device in the amplification mode. In
the signal generation mode, the at least partially optically reflective surface is positioned a second
predetermined distance from the one facet so as to induce optical oscillation within the body of
semiconductor material. In a preferred implementation, a semiconductor diode laser having opposed first and
second facets is utilized as an optical source. An at least partially optically reflective surface is positioned a
predetermined distance from one of the first and second facets in order that a resonant cavity is formed
therebetween. The predetermined distance between the at least partially optically reflective surface and the
one facet may be modulated, thereby allowing modulation of optical output produced by the semiconductor
diode laser.
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OPTICAL DEVICES USING AN EXTERNAL 
CAVITY SEMICONDUCTOR LASER 
The present invention relates generally to optical devices 
incorporating semiconductor lasers, and more particularly to 
an external cavity diode laser con?gured as a traveling wave 
ampli?er or as a dual-mode optical ampli?er-oscillator 
device. 
BACKGROUND OF THE INVENTION 
Typically, the elements within conventional optical com 
munication systems are designed to perform only a single 
function. That is, optical source components are not dis 
posed to be used interchangeably used as in-line ampli?ers 
and optical sources, and vice-versa. Once an optical signal 
has been produced by an optical source, the signal is 
typically coupled into the ?ber optic network using a con 
ventional lens arrangement. Within the network, separate 
doped ?ber or other semiconductor laser devices may then 
be used as in-line ampli?ers to maintain a requisite level of 
optical signal power. 
Considering a speci?c example, a conventional optical 
source component may include a semiconductor laser diode 
having an output facet optically coupled to a discrete optical 
power ampli?er. The diode and ampli?er may be formed 
together on a single crystal, and are maintained in optical 
aligmnent using various techniques. Unfortunately, the laser 
diode and light ampli?cation elements are so con?gured so 
as to be capable of serving only as a source of optical energy. 
That is, the individual elements comprising the optical 
source are not designed to be decoupled in order to make 
possible the performance of a separate signal ampli?cation 
function. 
Research efforts have thus far been directed to improving 
the performance characteristics of the discrete optical source 
and ampli?cation elements included within existing com 
munication systems. Typically, efforts have concentrated 
upon enhancing emission wavelength stability, spectral 
purity, and modulation speed. Unfortunately, little progress 
appears to have been made in devising optical devices 
capable of performing more than a single function. It is 
believed that an optical device con?gured to perform, for 
example, both signal generation and ampli?cation 
operations, would facilitate new network architectures for 
optical communication systems and would further lead to 
novel device applications. 
Several obstacles have thus far precluded development of, 
for example, semiconductor laser devices capable of oper 
ating both as an amplifier and as a signal source. As is well 
known, when the re?ectivity of both facets of a semicon 
ductor diode laser are suppressed, a single-pass or 
“traveling-wave” ampli?er (TWA) is formed. The required 
suppression of facet re?ectivity is typically performed by 
applying an anti-re?ection (AR) coating on each laser facet. 
However, the application of such an anti-re?ection coating 
to the laser facets permanently renders the laser device 
incapable of operating as an optical source. Hence, semi 
conductor diode lasers have been con?gured to perform 
exclusively either signal generation or ampli?cation func 
tions. 
Moreover, reducing facet re?ectivity using AR coatings 
generally requires that precise control be maintained over 
both the refractive index and coating thickness. For 
example, control of coating thickness to within a few 
nanometers is generally required to achieve optimal perfor 
mance. In addition, it has been determined that different 
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ideal coating thicknesses exist for TE and TM mode opera 
tion of TWA devices. This ?nding has further complicated 
the problem of fabricating a TWA by using AR coating 
techniques to reduce facet re?ectivity. Accordingly, it would 
be desirable to provide a semiconductor laser TWA not 
reliant upon an AR coating for facet re?ectivity reduction. 
Research efforts within the ?eld of optical communica 
tions have also focused upon the development of diode laser 
transmitters for providing a modulated optical signal to a 
?ber optic communications network. Both the intensity and 
the emission wavelength of the diode laser may be modu 
lated by varying the applied current. For example, digital 
coding of an optical input signal may be achieved by 
alternately turning the laser diode current on and o?. 
However, such current modulation techniques may be 
unable to provide the modulation speed required for high 
capacity ?ber optic networks. As a consequence, other 
techniques of high-speed optical modulation using external 
modulators have been investigated. Unfortunately, the size 
and temperature sensitivity of external modulators may 
render these devices inappropriate for certain ?ber optic 
network applications. Accordingly, it would be desirable to 
provide a compact optical source capable of producing a 
high-speed modulated optical output signal. 
OBJECTS OF THE INVENTION 
Accordingly, one object of the present invention is to 
provide a compact optical source inherently capable of 
high-speed optical modulation. 
It is another object of the present invention to provide a 
dual-mode device operative both as an optical ampli?er and 
optical signal source. 
It is yet another object of the present invention that the 
dual-mode device be inherently capable of high-speed opti 
cal modulation. 
It is yet a further object of the invention to provide a 
semiconductor laser ampli?er capable of being implemented 
without using AR coatings to reduce facet re?ectivity. 
SUMMARY OF THE INVENTION 
These and other objects have been met with an optical 
device structure in which is incorporated a semiconductor 
laser coupled to a short external resonant cavity. By adjust 
ing the length of the cavity so as to effectively modify the 
facet re?ectivity of the laser, the device is selectively made 
to operate in either an ampli?cation or signal generation 
mode. Moreover, modulation of the optical output produced 
by the device is achieved through corresponding modulation 
of the length of resonant cavity. 
In one embodiment, the present invention comprises a 
dual-mode optical device selectively operative in signal 
generation and ampli?cation modes. The dual-mode device 
includes a body of semiconductor material capable of pro 
viding optical gain, and having opposed front and rear 
facets. During operation in the ampli?cation mode, light is 
input through the front facet and is ampli?ed within the body 
of the optical gain material. 
An at least partially optically re?ective surface is posi 
tioned a ?rst predetermined distance from one of the facets 
during operation of the device in the ampli?cation mode. In 
the signal generation mode. the at least partially optically 
re?ective surface is positioned a second predetermined 
distance from the one facet so as to induce optical oscillation 
within said body of semiconductor material during operation 
in a signal generation mode. 
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In another aspect, the invention comprises an optical 
source in which is included a semiconductor diode laser 
having opposed ?rst and second facets. An at least partially 
optically re?ective surface is positioned a predetermined 
distance from one of the ?rst and second facets in order that 
a resonant cavity is formed therebetween. The predeter 
mined distance between the at least partially optically re?ec 
tive surface and the one facet is modulated, which in turn 
results in modulation of optical output produced by the 
semiconductor diode laser. 
BRIEF DESCRIPTION OF THE DRAWINGS 
Additional objects and features of the invention will be 
more readily apparent from the following detailed descrip 
tion and appended claims when taken in conjunction with 
the drawings. in which: 
FIG. 1A provides a simpli?ed side view of a semicon 
ductor optical ampli?er in accordance with the invention. 
FIG. 1B shows a simpli?ed side view of a semiconductor 
optical ampli?er of the invention in which is incorporated a 
laser diode having front and rear anti-re?ection coated 
facets. 
FIG. 2 shows a graphical representation of the normalized 
output power of an optical device of the invention as 
function of the length of an external remnant cavity. 
FIG. 3 is a block diagram of a dual-mode optical 
ampli?er-oscillator in accordance with the invention. 
FIG. 4 illustratively represents a monolithic implementa 
tion of a high-frequency optical transmitter comprising a 
thin-?lm resonator integrated with a diode laser. 
FIG. 5 shows a dual-mode ampli?er-oscillator module 
disposed to be directly integrated within an existing ?ber 
optic communication system. 
DESCRIPTION OF THE PREFERRED 
ENIBODIMENT 
FIG. 1A provides a simpli?ed side view of a semicon 
ductor optical ampli?er 10 in accordance with the invention. 
A body of semiconductor material 20 capable of providing 
optical gain, such as a semiconductor laser diode. is seen to 
be positioned in optical alignment with an input rod lens 30. 
In the embodiment of FIG. 1A the body of semiconductor 
material 20 comprises an AlGas. InCaAsP. or other diode 
laser of similar type. The ampli?er 10 also includes a pair of 
electrically conductive contacts 32 and 34 on respective 
surfaces of the laser diode 20. A heat sink 40 is interposed 
between the laser diode 20 and a substrate 44, upon which 
is also mounted the rod lens 30. 
Referring to FIG. 1A, a resonant cavity of length L 
external to the diode laser 20 is formed by a rod lens surface 
48 and a front facet 50 of the diode laser. In accordance with 
the invention. the resonant cavity effectively reduces the 
re?ectivity of front facet 50. thereby suppressing optical 
oscillation within the laser diode 20. This results in the diode 
laser 20 operating as a travelling wave ampli?er. thereby 
allowing ampli?cation of optical input coupled to the diode 
laser 20 through rod lens 30. Alternately. a resonant cavity 
may be formed between the rear facet 54 and a surface 58 
of an output lens 60 (shown in phantom). In this instance the 
re?ectivity of rear facet 54 is reduced. which leads to the 
requisite suppression of optical oscillation within the diode 
laser 20. Although an anti-re?ection (AR) coating may be 
deposited on the front 50 and/or rear facet 54 in order to. for 
example. decrease the tolerance of the coupling distance 
between the rod lens and front facet 50, the presence of such 
an AR coating is not required for oscillation suppression. 
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FIG. 1B shows a simpli?ed side view of a semiconductor 
optical ampli?er 10' in which is incorporated a semiconduc 
tor laser diode 20', the front and rear facets of which are 
respectively coated with AR coatings 66 and 68. Given the 
substantial similarity between the ampli?ers 10 and 10', like 
reference numerals have been used to identify like ampli?er 
components. The AR coatings 66 and 68 may each be 
realized using a single or multiple layer non-re?ection ?lm 
of the type known to those skilled in the art. 
'Ihrning now to FIG. 2, a graphical representation is 
provided of normalized output power of the semiconductor 
diode laser 20 as function of the remnant cavity length L. 
The solid line trace of FIG. 2 represents output power 
variation using a 99% re?ective gold-plated mirror (i.e., 
corresponding to a 99% re?ective rod lens surface 48). while 
the dashed line trace represents the output power ?uctuation 
produced with a 4% re?ective lens surface. The peaks of the 
traces within FIG. 2 are indicative of those cavity lengths L 
resulting in the creation of a resonance condition. which 
effectively increase the re?ectivity of the front laser facet 
Similarly, the troughs within the traces of FIG. 2 correspond 
to those cavity lengths which minimize the effective re?ec 
tivity of the front laser facet. Since the lasing threshold of the 
diode laser 20 at a given level of applied bias is a function 
of facet re?ectivity, output power is modulated as a function 
of the cavity length L. In order to increase the dynamic range 
over which optical output power may be modulated, the 
cavity length L will generally be selected to be less than the 
wavelength of the optical output of the laser 20. 
In an exemplary embodiment of the ampli?er 10 the rod 
lens 48 is positioned so as to minimize the elfective re?ec 
tivity of the front laser facet This is equivalent to adjusting 
the cavity length L to a position which prevents optical 
oscillation within the laser diode 20, which desirably pre 
vents the ampli?er 10 from producing output optical power 
in the absence of application of an optical input signal to the 
rod lens 48. The optical gain of the resultant travelling wave 
ampli?er is then controlled through adjustment of the bias 
applied to the electrodes 32 and 34. In the speci?c case of 
a 4% re?ector, the effective facet re?ectivity is desirably 
reduced to the largest extent possible by selecting a cavity 
length L of less than 1pm (e.g., L=L1). The cavity length will 
typically be selected such that facet re?ectivity is 
minimized, and lasing threshold maximized. as a means of 
increasing the range of bias values over which the laser 
operates as an ampli?er rather than as an oscillator. 
FIG. 3 is a block diagram of a dual-mode optical 
ampli?er-oscillator 100 in accordance with the invention. As 
is described below. the ampli?er-oscillator includes a piezo 
electric actuator 110 for modifying the length of a resonant 
cavity external to a semiconductor diode laser 120. This 
cavity length modi?cation induces a corresponding change 
in facet re?ectivity, which results in a transition between 
ampli?cation or signal generation modes of operation of the 
ampli?er-oscillator 100. 
More speci?cally. during operation in an ampli?cation 
mode an input signal is applied to a rod lens 130. The 
piezoelectric actuator 110 positions the rod lens 130 relative 
to the front facet of laser diode 120 such that the resonant 
cavity therebetween is of a ?rst predetermined length. The 
?rst predetermined cavity length is selected (FIG. 2) to be 
one which causes a substantial reduction in the effective 
re?ectivity of the front facet, thereby suppressing optical 
oscillation within the laser diode 120 during. When it is 
desired to switch to a signal generation (i.e., oscillation) 
mode. the piezoelectric actuator 110 translates the position 
of the rod lens such that a resonant cavity of a second 
5,633,887 
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predetennined length is created external to the laser diode. 
This second cavity length effectively increases the re?ec 
tivity of the front facet at least to the extent required to 
induce optical oscillation within the laser diode 120. 
Referring again to FIG. 3, the ampli?er-oscillator 100 
further includes a thin-?lm resonator (TFR) 122 disposed to 
impart high-frequency modulation upon the optical output 
produced during the signal generation mode. The TFR 122 
serves to modulate the re?ectivity of the front facet of the 
laser diode 120, which results in a corresponding modula 
tion of the optical output produced thereby. The TFR 122 
may be used to effect amplitude modulation of the laser 
diode output, and may also be employed to modulate the 
lasing wavelength and phase of the diode laser 120. In an 
exemplary embodiment. appreciable amplitude modulation 
of the laser diode output has been found to occur at the 
resonant frequency of the TFR 122. It has also been found 
that the magnitude of the excitation voltage applied to the 
TFR 122 is related to the magnitude of the amplitude 
modulation impressed upon the laser diode output. 
As is indicated by FIG. 3, the TFR 122 includes a 
piezoelectric active layer 170 sandwiched between front and 
rear optically transparent electrodes 172 and 174. In 
operation, high-frequency modulation of the thickness of the 
piezoelectric layer 170 is achieved by modulating the poten 
tial between the electrodes 172 and 174. It has been found 
that piezoelectric resonance at approximately 1 GHz may be 
obtained using a piezoelectric layer having a thickness of 
about 5 pm. It is anticipated that application of an AR 
coating 166 to the ?ont laser facet will allow the TFR 122 
to modulate the optical output produced by the laser diode 
120 at much higher frequencies (e.g., 10 GHz). 
The piezoelectric active layer 170 may be realized using, 
for example, either a zinc oxide (ZnO) or an aluminum 
nitride (AlN) ?lm. The electrode 172 of the TFR 122 will 
typically be secured to the partially re?ective (e.g., 4% 
re?ective) surface of the rod lens 130 by. for example, 
conductive epoxy. In an exemplary embodiment the TFR 
122 is dimensioned to de?ne a surface. perpendicular to the 
plane of FIG. 3, on the order of 400 pm2. 
The TFR 122 may be realized using standard microelec 
tronic fabrication techniques. In particular, the electrode 172 
(e.g., gold) is deposited by way of any one of a number of 
conventional deposition techniques (e.g., evaporation, elec 
tron beam heating, or sputtering). The piezoelectric layer 
170 may then be deposited on electrode 172 using DC 
magnetron sputtering in the presence of a nitrogen plasma. 
This sputtering technique results in “c-axis” oriented piezo 
electric layers, although the resultant layer 170 will appear 
as polycrystalline in the directions transverse to the longi 
tudinal c-axis. 
Referring again to FIG. 3. the ampli?er 1130 also includes 
a pair of electrically conductive contacts 132 and 134 on 
respective surfaces of the laser diode 120. A heat sink 140 
is interposed between the laser diode 120 and a substrate 
144, upon which is also mounted the piezoelectric actuator 
110. In an alternate embodiment a resonant cavity could also 
be formed between the rear facet 154 and an output lens (not 
shown). 
FIG. 4 illustratively represents a monolithic implementa 
tion of a high-frequency optical transmitter comprising a 
thin-?lm resonator 182 integrated with a diode laser 184. 
The resonator 182 includes a piezoelectric layer 190 sand 
wiched between high-re?ectance and optically transparent 
metallic coatings 192 and 194, respectively. The thickness of 
the piezoelectric layer 190 determines the “external” reso 
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nant cavity length of the device of FIG. 4. In a preferred 
embodiment an anti-re?ection coating 195 is applied to a 
front facet of the diode laser 184, which is seen to be 
immediately adjacent the transparent coating 192. The high 
re?ectance coating 190 may be realized using a metal such 
as gold, while tin oxide (SnO2) may be used for the 
transparent coating. While the coating 190 will typically 
approximately 90% re?ective, it is noted that coatings of up 
to 99.9% re?ectivity are also available. 
In accordance with the invention, the thin-?lm resonator 
182 is operative in conjunction with the diode laser 184 to 
form an optical transmitter capable of providing an 
amplitude-modulated optical output. In this regard the reso 
nant frequency of the TFR, which is governed by an AC 
source 195 connected between the metallic coatings 190 and 
192, determines the frequency of an optical “carrier” signal 
produced by the transmitter. The amplitude of this carrier 
signal may then be modulated by way of corresponding 
modulation of the bias current 197 conducted through the 
diode laser 184 through the electrodes 197 and 198. 
Turning now to FIG. 5. there is shown a dual-mode 
ampli?er-oscillator module 250 disposed to be directly 
integrated within an existing ?ber optic communication 
system. Given the similarity between the devices depicted in 
FIGS. 3 and 5. identical reference numerals have been 
employed to identify like components. Referring to FIG. 5, 
the module 250 includes an input rod lens 254 for receiving 
an optical signal from an optical input ?ber 256 of the 
communication system. Both surfaces of the rod lens 254, as 
well as the each of the other lens surfaces within the module 
250. are coated with a conventional anti-re?ection (AR) 
coating 260. 
As was described above with reference to FIG. 3, a 
piezoelectric actuator 110 operates to modify the length of a 
resonant cavity external to a semiconductor diode laser 120. 
This cavity length modi?cation induces a corresponding 
change in facet re?ectivity. which results in a transition 
between ampli?cation or signal generation modes of opera 
tion of the ampli?er-oscillator 100. 
More speci?cally, during operation in an ampli?cation 
mode the input signal coupled from the optical ?ber 256 by 
an input rod lens 254 is applied to the rod lens 130 proximate 
the front facet of the diode laser 120. In response to a control 
signal received through connector 264. the piezoelectric 
actuator 110 positions the rod lens 130 relative to the front 
facet of laser diode 120 such that the resonant cavity 
therebetween is of a ?rst predetermined length. Again, the 
?rst predetermined cavity length is selected (FIG. 2) to be 
one which causes a substantial reduction in the effective 
re?ectivity of the front laser facet, thereby suppressing 
optical oscillation within the laser diode 120 during the 
ampli?cation mode. 
When it is desired to switch to a signal generation (i.e., 
oscillation) mode, the piezoelectric actuator 110 translates 
the position of the rod lens such that a resonant cavity of a 
second predetermined length is created external to the laser 
diode. This second cavity length effectively increases the 
re?ectivity of the front facet at least to the extent required to 
induce optical oscillation within the laser diode 120. In the 
signal generation mode, the optical output may be modu 
lated through modulation of the bias current supplied to the 
laser diode 120 through connector 268. 
In both the ampli?cation and signal generation modes, the 
optical output from the rod lens 160 is coupled to an optical 
output ?ber 270 through a ?ber coupling rod lens 272. In an 
exemplary embodiment, the input rod lens 254, the rod lens 
5,633,887 
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130 and the output rod lens 160 are implemented using 0.5, 
0.25 and 0.23 pitch rod lenses, respectively. 
While the present invention has been described with 
reference to a few speci?c embodiments, the description is 
illustrative of the invention and is not to be construed as 
limiting the invention. Various modi?cations may occur to 
those skilled in the art without departing from the true spirit 
and scope of the invention as de?ned by the appended 
claims. 
What is claimed is: 
1. An optical ampli?er device for amplifying input light 
comprising: 
a body of semiconductor material having opposed front 
and rear facets, said body semiconductor material 
accepting said light through said front facet and ampli 
fying said light during propagation thereof to said rear 
facet; 
an optical element having a partially optically re?ective 
surface positioned with the optically re?ective surface 
a predetermined distance from one of said facets, said 
optical element being positioned such that a resonant 
optical cavity is formed between said partially optically 
re?ective surface and said one facet; and 
means for applying said input light to said front facet. 
2. The ampli?er of claim 1 wherein said optical element 
comprises means for applying said input light to said front 
facet. 
3. The ampli?er of claim 2 wherein said optical element 
comprises an output lens, said output lens having a partially 
optically re?ective surface opposite said rear facet. 
4. The ampli?er of claim 1 wherein said body of semi 
conductor material comprises a semiconductor diode laser. 
5. The ampli?er of claim 4 further including means for 
pumping said diode laser in order to provide a predeter 
mined level of optical gain. 
6. The ampli?er of claim 1 wherein said predetermined 
distance is less than 1 pm. 
7. An ampli?er as in claim 2 in which said optical element 
comprises a lens with its front surface being partially 
optically re?ective and facing said front facet. 
8. An optical source comprising: 
a semiconductor diode laser having opposed ?rst and 
second facets; 
an optical element having a partially optically re?ective 
surface positioned a predetermined distance from one 
of said ?rst and second facets, said optical element 
being positioned such that a resonant optical cavity is 
formed between said partially optically re?ective sur 
face and said one facet; and 
means for modulating said predetermined distance 
between said at least partially optically re?ective sur 
face and said one facet so as to modulate the amplitude 
of optical output produced by said semiconductor diode 
laser. 
9. The optical source of claim 8 further including lens 
means for coupling said optical output from the other one of 
said ?rst and second facets. 
10. The optical source of claim 8 further including lens 
means for coupling said optical output from said at least one 
of said ?rst and second facets. 
11. The optical source of claim 8 wherein said means for 
modulating said predetermined distance includes a piezo 
electric resonator to which is attached said at least partially 
optically re?ective surface. 
12. The optical source of claim 11 wherein said piezo 
electric resonator includes a piezoelectric layer sandwiched 
between a pair of opposing electrodes. 
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13. The optical source of claim 8 wherein said predeter 
mined distance is less than 1 pm. 
14. A dual-mode optical device comprising: 
a body of semiconductor material having opposed front 
and rear facets, said body of semiconductor material 
accepting a light input through said front facet and 
amplifying said light input during operation if said 
device in an ampli?cation mode; 
an optical element having a partially optically re?ective 
surface; 
means for positioning said optical element with the par 
tially optically re?ective surface a ?rst predetermined 
distance from one of said facets during operation of 
said device in said ampli?cation mode. and a second 
predetermined distance from said one of said facets so 
as to induce optical oscillation within said body of 
semiconductor material during operation in a signal 
generation mode; and 
means for applying said light input to said front facet 
during operation of said device in said ampli?cation 
mode. 
15. The dual-mode optical device of claim 14 further 
including means for modulating said second predetermined 
distance between said at least partially optically re?ective 
surface and said one facet so as to modulate amplitude of 
optical output produced by said body of semiconductor 
material during said signal generation mode. 
16. The dual-mode optical device of claim 14 wherein 
said optical element comprises said means for applying said 
light to said front facet. 
17. The dual-mode optical device of claim 14 wherein 
said optical element comprises an output lens having a 
surface opposing said rear facet upon which is de?ned said 
at least partially re?ective optically re?ective surface. 
18. The dual-mode optical device of claim 14 wherein 
said body of semiconductor material comprises a semicon 
ductor diode laser. 
19. The dual-mode optical device of claim 18 further 
including means for pumping said diode laser in order to 
provide a predetermined level of optical gain. 
20. The dual-mode optical device of claim 14 further 
including lens means for coupling optical output, produced 
by said body of semiconductor material during said signal 
generation mode, from said rear facet. 
21. The dual-mode optical device of claim 15 wherein 
said means for modulating said second predetermined dis 
tance includes a piezoelectric resonator to which is attached 
said at least partially optically re?ective surface. 
22. The dual-mode optical device of claim 21 wherein 
said piezoelectric resonator includes a piezoelectric layer 
sandwiched between a pair of opposing electrodes. 
23. The dual-mode optical device of claim 14 wherein 
said ?rst and second predetermined distances are less than 1 
pm. 
24. In an optical system including a semiconductor diode 
laser having opposed ?rst and second facets. a method for 
providing a source of modulated optical energy comprising 
the steps of: 
positioning an at least partially optically re?ective surface 
a predetermined distance from one of said ?rst and 
second facets, thereby forming a resonant cavity 
between said one facet and said at least partially 
optically re?ective surface; and 
modulating said predetermined distance between said at 
least partially optically re?ective surface and said one 
facet so as to modulate amplitude of optical output 
produced by said semiconductor diode laser. 
5,633,887 
9 
25. The method of claim 24 further including the step of 
coupling said optical output from the other one of said ?rst 
and second facets. 
26. In an optical system including a semiconductor diode 
laser having opposed front and rear facets, a method for 
providing a source of modulated optical energy during 
operation of said laser in a signal generation mode and for 
amplifying light input during operation of said laser in an 
ampli?cation mode, said method comprising the steps of: 
applying said light input to said front facet during opera 
tion in said ampli?cation mode; 
amplifying said light input within said laser during opera 
tion in said ampli?cation mode; 
positioning an at least partially optically re?ective surface 
a ?rst predetermined distance from one of said front 
10 
10 
and rear facets during operation of said device in said 
ampli?cation mode, and positioning said at least par 
tially optically re?ective surface a second predeter 
mined distance from said one of said ?'ont and rear 
facets during operation in a signal generation mode so 
as to induce optical oscillation within said body of 
semiconductor material. 
27. The method of claim 26 further including the step of 
modulating said second predetermined distance between 
said at least partially optically re?ective surface and said one 
of said front and rear facets so as to modulate amplitude of 
optical output produced by said semiconductor diode laser 
during said signal generation mode. 
***** 
